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p b s t r a c t -The two-time Green f u n c t i o n s a r e used t o d e r i v e k i n e t i c equations of a system of e l e c t r o n s and phonons i n t e r a c t i n g w i t h F r o h l i c h hamiltonian.
A s u i ta b l e connected diagram a n a l y s i s i s used t o d e r i v e simultaneous equations s i m i l a r t o Kadanoff-Baym equations. The i n i t i a l c o r r e l a t i o n s a r e shown t o decay i n time comp a r a b l e t o t h e macroscopic time s c a l e . The g e n e r a l t r a n s p o r t equations derived i n t h e steady s t a t e a r e a p p l i c a b l e t o v a r i o u s t r a n s p o r t p r o c e s s e s . I t i s shown t h a t t h e previous assumption of considering t h e phonons t o be i n thermal equilibrium i s j u s t i f i e d only f o r d il u t e systems and phonon drag i s a p p r e c i a b l e i n denser systems.
1. I n t r o d u c t i o n . The two-time Green f u n c t i o n s have been e x t e n s i v e l y used by Kadanoff and F3aym1 t o study t h e e v o l u t i o n and t r a n s p o r t of a quantum mechanical imperfect gas. W e extend t h i s formulation t o t h e e l e c t r o n phonon system. A connec-2 t e d diagram a n a l y s i s i s used t o d e r i v e t h e e v o l u t i o n equations from t h e theorem by 3 Bloch and Domenicis . W e o b t a i n f o u r t r a n s p o r t equations two f o r e l e c t r o n s and two f o r phonons, t h e l a t t e r d e s c r i b i n g phonon drag. Using t h e s e equations it i s p o s s i b l e t o show t h a t t h e phonon drag is n e g l i g i b l e f o r d i l u t e systems such a s e l e c t r o n s i n semiconductors b u t can be appreciable i n metals. -s t a n d f o r a n n i h i l a t i o n o p e r a t o r s f o r e l e c t r o n s and phonons, 4 is t h e e x t e r n a l f i e l d and o t h e r symbols have t h e i r u s u a l meaning. The p a r t i a l Green > > f u n c t i o n s g< f o r e l e c t r o n s and n' f o r phonons a r e defined by
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where t h e synbols 1 and 2 s t a n d f o r (~~, t~) and ( p , t ) . The e v o l u t i o n o f g' (1.2) -2 2 may be s t u d i e d by d i f f e r e n t i a t i n g each of t h e s e w i t h r e s p e c t t o t h e times tl and t2. where + s t a Here E, i s t h e maximum phonon momentum obtained a t t h e edge o f t h e f i r s t B r i l l o u i n zone. Assuming phonon evergy t o be small a s compared t o t h e e l e c t r o n energy and f o r a l i n e a r l a t t i c e § ( p ) = § , s i n f p ' a = f § , p ' a where 5, i s a c o n s t a n t o f t h e c r y s t a l and a i s a l a t t i c e c o n s t a n t , we o b t a i n where we have used energy conservation r e l a t i o n e ( p ) + § ( p l ) = $(p Q ' ) . 
3.
Decay of I n i t i a l C o r r e l a t i o n s . Though t h e electron-phonon i n t e r a c t i o n i s a long range p o t e n t i a l , we show here t h a t t h e i n i t i a l c o r r e l a t i o n s d i e o u t by t h e time s t e a d y r a t e i s reached. I f t h e system i s i n i t i a l l y i n thermal equilibrium, t h e i n i t i a l Green functions f o r e l e c t r o n s obeying c l a s s i c a l s t a t i s t i c s a r e where p = t(p -p ) , € and a r e p a r t i c l e energy and f u g a c i t y . The i n i t i a l c o r r e l a -1 -2 t i o n term involved i n eq. ( 5 ) f o r a l i n e a r l a t t i c e w i t h one atom per l a t t i c e i n bina-
where G' and S s t a n d f o r e l e c t r o n and phonon s t e a d y s t a t e Green f u n c t i o n s each along with t h e s e l f energy p a r t s being f u n c t i o n s of macroscopic momentum p, p a r t i c l e energy w, p o s i t i o n R and time T. The square b r a c k e t s a r e g e n e r a l i z e d Poisson brack e t s .
These equations a r e Markoffian and homogeneous. They can be used f o r t h e study of v a r i o u s t r a n s p o r t s .
Here we s h a l l use them t o study t h e r o l e o f phonon drag i n e l e c t r i c a l conduction.
5 . Phonon Drag. The equations (10) can be l i n e a r i z e d i n t h e e l e c t r i c f i e l d . To s e e t h e e f f e c t of t h e phonon drag, t h e l i n e a r p a r t s o f t h e Green f u n c t i o n s G : and P S-can be expanded f o r a homogeneous system a s 
S u b s t i t u t i o n of t h e s e i n t o t h e l i n e a r equations and comparing t h e terms of t h e
where V i s t h e frequency of t h e f i e l d and GP SP a r e equilibrium Green f u n c t i o n s . eq' eq I t i s i n t e r e s t i n g t o s e e t h a t GL<* has no phonon drag term. I t is a l s o a term l i n e a r i n e l e c t r o n d e n s i t y . Thus i n d i l u t e systems l i k e semiconductors, phonon drag has no c o n t r i b u t i o n t o t h e c o n d u c t i v i t y b u t t h e same cannot be s a i d i n metals.
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